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[57] ~ ABSTRACT

A process for préparing cyclopent-2-en-1-one deriva-
tives of the formula -

(1)

wherein |
R, is a substituted or unsubstituted alkyl group or a
- substituted or unsubstituted aryl group, and
R, is a hydrogen atom or a substituent which is not
substantially brominated under the treating condi-
tions, which comprises treating a cyclopentanone
derivative of the formula

(ID)

wherein
R1 and R,are the same as defined above, with pyridin-

ium hydrobromide perbromide.

13 Claims, No Drawings



_ 1
' PROCESS FOR PREPARING
CYCLOPENT-2-EN-1-ONE DERIVATIVES

This invention relates to a novel process for preparing
cyclopent-2-en-1-one derivatives, and more specifically,
to a process for preparing cyclopent-2-en-1-one deriva-
tives from cyclopentanone derivatives in one step.

Cyclopent-2-en-1-one derivatives are compounds of
extreme commercial importance as raw materials for
synthesizing such compounds as steroids, terpenoids,
prostaglandins, jasmone, pyrethrin and analogs of these
which are useful as medicines, agricultural chemicals or
perfumes or intermediates for the synthesis of these.
Some methods have previously been proposed for pre-
paring these cyclopentenone derivitives.

Typical examples of these conventional methods in-
clude a method comprising enol-acetylating 2-(6-
methoxycarbonylhexyl)-cyclopentan-1-one, brominat-
ing it with N-bromosuccinimide, and dehydrobrominat-

4,039,563

S

10

15

20

ing the product using lithium carbonate in pyridine

thereby to form 2-(6-methoxycarbonylhexyl)-cyclo-
pent-2-en-1-one (Journal of the American Chemical
Society, 94, 7823, 1972); a method comprising enol-
esterifying a 2-(w-ethoxycarbonylalkyl)-cyclopentan-
1-one, brominating the resulting ester, and then dehy-
drobrominating it to form a corresponding cyclopente-
none derivative (Tetrahedron Letters, 4083, 1972); and

a method comprising brominating a cyclopentanone

derivative in tetrahydrofuran using phenyltrimethylam-
monium perbromide, and dehydrobrominating the re-
sulting bromo-derivative with collidine to form a corre-
sponding cyclopentenone denvatwe (Gazzetta Chlmlca

Italiana 103, 31, 1973).
However, none of these conventional methods are

fully satisfactory for commercial operations because all
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of them require two or more reaction steps, and the

resulting yields are not so good. Commercially advanta-
geous methods for preparing cyclopentenone deriva-
tives have therefore been strongly desired.

It is an object of this invention to provide a process
for preparing cyclopent-2-en-1-one derivatives, which
are comercially very important as raw materials for the
synthesis of medicines, agricultural chemicals, per-
fumes, and their intermediates, in a very simple manner
and in a good yield. .

- We have now found unexpectedly that when pyridin-
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ium hydrobromide perbromide (PHP for short) fre- S0

quently used as a brominating agent is caused to act on
certain cyclopentanone derivatives, bromo-derivatives
of the cyclopentanone derivatives are scarcely ob-
tained, but the corresponding cyclopentenone deriva-
tives having a double bond at the 2 3-pos:t10ns can be
obtained in high yields.

~ Thus, accordlng to this invention, there is provided a
process for preparing cycmpent-Z-en-l -one derivatives
of the formula

wherein
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'R, is a substituted or unsubstituted alkyl group or a
substituted or unsubstituted aryl group, and
R, is a hydrogen atom or a substituent which is not
‘substantially brominated under the treating condi-
tions, which comprises treating cyclopentanone

derivatives of the formula

(I1)

wherein

R1 and R, are the same as defined above, W1th pyridin-

ium hydrobromide perbromlde

The “substituent. which is not substantlally bromi-
nated under the treating conditions” represented by R,
may be any substituents which are not substantially
brominated under the treating conditions employed in
the present invention, and includes, for example, substi-
tuted or unsubstituted alkyl groups, substituted or un-
substituted aryl groups, a carboxyl group. Alkoxycar-
bonyl groups, aryloxycarbonyl groups, and a formyl
group. The alkyl in the “substituted or unsubstituted
alkyl group” may be a straight-chain, branched-chain or
cyclic alkyl group containing up to 20 carbon atoms,
preferably up to 10 carbon atoms, for example, methyl,
ethyl, n- or isopropyl, n-, iso- or tert-butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, cyclopentyl, and
cyclohexyl. Examples of substituents for the alkyl
group are a carboxyl group or carboxyl groups pro-
tected by a group capable of being split off by hydroly-
sis; alkoxy groups, especially those containing up to 10
carbon atoms, aryl groups, preferably phenyl, tolyl or
xylyl; aryloxy groups, for example, phenoxy; aralkoxy
groups, for example, benzyloxy; siloxy groups, for ex-
ample, tert-butyldimethylsiloxy; dialkylamino groups,
for example, dimethylamino; halogen atoms for exam-
ple, ﬂuorine, chlorine or bromine; and a hydroxyl
group.

The aryl in the “substltuted or unsubstituted aryl” is
especially preferably phenyl. Examples of suitable sub-
stituents for the aryl are lower alkyl groups such as
methyl or ethyl, lower alkoxy groups such as methoxy
or ethoxy, halogen atoms such as fluorine or chloride,
and lower haloalkyl groups such as trifluoromethyl.

Of the cyclopentanone derivatives of formula (II)
used as the starting material in the process of this inven-
tion, those of the formula

(I1I)

-wherein

Rpisa substituted or unsubstituted alkyl group, and
Ry, is a hydrogen atom or a substituted or unsubsti-
- tuted alkyl group,

‘are especially preferred. The substltuted or unsubsti-

tuted alkyl groups represented by R,; and R, in the
above formula have the same meanings as described
above.
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Of the compounds of formula (III), cyclopentanone
derivative of the formula

(IV)
O

I
YT

Rz

wherein ~

R;is a hydrogen atom or-a protective group capable
of being split off by hydrolysis,

Rj;1s a hydrogen atom or an alkyl group with up to 10
carbon atoms which may be substituted by an alk-
oxy or siloxy group, and » is an integer of 1 to 8,

are especially preferred. |

Especially preferred protective groups (R;) in the

above formula (IV) are alkyl groups, such as methyl,
ethyl, n- or iso-propyl, n-, iso- or tert-butyl, pentyl,
hexyl, cyclohexyl, octyl, decyl and dodecyl groups,
especially those containing 1 to 4 carbon atoms, and
aryl groups such as phenyl and p-nitrophenyl groups.

Suitable alkyl groups R,, in the above formula (IV)

are straight-chain, branched-chain or cyclic alkyl
groups with up to 10 carbon atoms, especially up to 8
carbon atoms. The alkoxy as a substituent for the alkyl
groups may be alkoxy groups with up to 10 carbon
atoms, especially up to 6 carbon atoms, such as meth-
oxy, ethoxy, n- or iso-propoxy, and n-, iso- or tert-
butoxy. A suitable siloxy group is tert-butyldimethyl-
siloxy. Hydrogen is especially suitable as R,,.

Examples of compounds of formula (ITI) are as fol-

lows:

2-methoxycarbonylmethylcyclopentanone,
2-(2-methoxycarbonylethyl)-cyclopentanone,
2-(3-methoxycarbonylpropyl)-cyclopentanone,
2-(4-methoxycarbonylbutyl)-cyclopentanone,
2-(5-methoxycarbonylpentyl)-cyclopentanone,
2-(6-hydroxycarbonylhexyl)-cyclopentanone,
2-(6-methoxycarbonylhexyl)-cyclopentanone,
2-(6-ethoxycarbonylhexyl)-cyclopentanone,
2-(6-propoxycarbonylhexyl)-cyclopentanone,
2-(6-butoxycarbonylhexyl)-cyclopentanone,
2-(7-methoxycarbonylheptyl)cyclopentanone,
2-(8-methoxycarbonyloctyl)-cyclopentanone,
2-(6-methoxycarbonylhexyl)-3-methylcyclopentanone,
2-(6-methoxycarbonylhexyl)-3-ethylcyclopentanone,
2-(6-methoxycarbonylhexyl)-3-propylcyclopentanone,
2-)6-methoxycarbonylhexyl)-3-butylcyclopentanone,
2-(6-methoxycarbonylhexyl)-3-pentylcyclopentanone,
2-(6-methoxycarbonylhexyl)-3-hexylcyclopentanone,
2-(6-methoxycarbonylhexyl)-3-heptylcyclopentanone,
2-(6-methoxycarbonylhexyl)-3-octylcyclopentanone,
and
2-(6-methoxycarbonylhexyl)-3'-(3-t-butyldimethylsilox-
yoctyl)-cyclopentanone.

Treatment of the cyclopentanone derivative of for-
mula (IT), (I1I) or (IV) with PHP can be achieved by
contacting both with each other in an inert organic
solvent, preferably with stirring. Examples of inert or-
ganic solvents that can be used are ethers such as tetra-
hydrofuran or dioxane, halogenated hydrocarbons such
as chloroform or carbon tetrachloride, and hydrocar-
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carboxylic acid which is liquid under the reaction con-
ditions or a mixture of it with the above organic solvent
is used in the process of this invention, the yield of the
cyclopentenone derivative of formula (I) increases re-
markably, and therefore, such a compound has been
found to be especially suitable as a solvent for use in the
process of this invention. |

Preferred saturated aliphatic monocarboxylic acids
suitable for use in the process of this invention are those
containing up to 10 carbon atoms, especially acetic acid
and propionic acid. Acetic acid is especially preferred.

The amount of PHP can be varied over a wide range
according to the type of the starting cyclopentanone
derivative, the reaction temperature, the reaction time,
etc. Generally, it is 0.5 to 30 mols, preferably 0.8 to 5
mols, more preferably 1.2 to 3 mols, per mol of the
cyclopentanone derivative.

The preferred reaction temperature is generally from
room temperature to 100° C., especially from 40° to 60°
C. The reaction time depends upon the reaction temper-
ature. If, for example, the reaction temperature is 50° C,,
reaction periods of 3 to 5 hours are sufficient. The feasi-
ble reaction pressure is normal atmospheric pressure.

"The reaction in accordance with this invention, if
desired, can be carried out in an atmosphere of an inert
gas. The proceeding .of the reaction can be known by
tracing the disappearance of the starting cyclopenta-
none derivative by such means as gas-chromatography
or thin-layer chromatography.

It has further been found that when the treatment in

accordance with the process of this invention is carried
out in the presence of an organic base, specially an
organic amine, the yield of the cyclopentenone deriva-
tive of formula (I) further increases. Tertiary organic
amines are especially preferred as the organic amines.
Examples of such amines are collidine, triethylamine,
pyridine, lutidine, picoline, dimethylaniline, triethylene-
diamine, 1,5-diazabicyclo[4.3.0]-5-nonene, and 1,5-
diazabicyclo[5,4,0]-5-undecene. Of these, pyridine and
its methylsubstituted derivatives are especially effec-
tive.
- The amount of the organic amine to be used is not
critical, but generally, it is up to 30 mols, preferably 0.5
to 20 mols, more preferably 2 to 10 mols, per mol of the
starting cyclopentanone derivative.

Thus, according to the process of this invention, the
above cyclopentenone derivatives can be obtained in
good yields by a single-step reaction. In particular,
when cyclopentanone derivatives of formula (IV) in
which R;is a protective group are treated with PHP in
an organic solvent containing a saturated aliphatic
monocarboxylic acid, at least a part of the —COOr;

- group undergoes hydrolysis depending upon the reac-
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bons such as n-hexane, cyclohexane, petroleum ether,

benzene or toluene. When a saturated aliphatic mono-

tion temperature and/or time, and this may result in the
formation of cyclopentenone derivatives of formula (V)

(V)
O

é[(cm-),,— COOH

"RZZ

wherein
R;,1s the same as defined above, in which the protec-
tive group Rj;has been split off. Thus, the definition

i
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- of the reaction product of formula (I) in the present

specification and the appended claims should be

understood as including such a hydrolyzed product.
The separation of the cyclopentenone derivative of
formula (I) from the reaction mixture and its purifica-

“tion can be performed, for example, by a procedure
~ which involves adding water to the resulting reaction
mixture, neutralizing it with an aqueous solution of
alkali such as sodium carbonate, extracting the product
of formula (I) with an organic solvent, for example, an
‘ether such as ethyl ether, a saturated hydrocarbon such
as pentane, hexane or petroleum ether, an aromatic
hydrocarbon such as benzene or toluene, or a haloge-
nated hydrocarbon such as methylene chloride or chlo-

roform, washing the resulting organic phase thoroughly
with an aqueous solution of sodium carbonate, dilute

hydrochloric acid, and aqueous solution of sodium
chloride, etc., sufficiently drying the washed product
with anhydrous sodium sulfate, concentrating it to form

a crude product, and then purifying the crude product

)

10

2-(6-methoxycarbonylhexyl) -pentylcyclopent-Z-en—
1-one, - _

2-(6—methoxycarbonylhexyl)f3-hexylcyclopent-2-en-
1-one,

2-(6—methoxycarbonylhexyl) -heptylcyclopent- -€N-
1-one,

2-(6-methoxycarbony]hexy1) 3-octy1cyolopent-2-en-
1-one, and |

2 )G-methoxycarbonylhexyl) -3- (3-t-butyld1methylsﬂox-
yoctyl)-cyclopent-2-en-1-one.

The followmg Examples illustrate the present inven-
tion in greater detail.
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by distillation, column chromatography, or preparative

thin-layer chromatography, etc. This results in the
preparation of highly pure cyclopentenone denvatlves
of formula (I). - |
 Where the starting material used in the process of this
invention is a compound of formula (IV) in which R;is
a protective group, a compound of formula (V) which
may possibly be formed can be recovered by a proce-
dure which comprises neutralizing the aqueous phase
resulting after the separation of the organic phase with
a dilute acid such as dilute hydrochloric acid until 1t
assumes a weakly acidic pH, extracting the neutralized
phase with ethyl acetate or ethyl ether in the same way
as above, washing the resulting organic phase thor-
oughly with, for example, an aqueous solution of so-
dium chloride, then drying and concentrating it in the
same way as above, and if desired, esterifying the con-
centrate in a customary manner, and then subjecting the
product to the same purifying procedure as above,
thereby to obtain the compound of formula (V) or its
ester.

The process of this invention therefore prowdes, for
example, the following compounds which are commer-
cially important as raw materials for the synthesis of
medicines, agricultural chemicals and perfumes with
commercial advantage.

2-Methoxycarbonylmethylcyclopent-2-en-1-one,
2-(2-methoxycarbonylethyl)-cyclopent-2-en-1-one, '
2-(3-methoxycarbonylpropyl)-cyclopent-2-en-1-one
2-(4-methoxycarbonylbutyl)-cyclopent-2-en-1-one,
- 2-(5-methoxycarbonylpentyl)-cyclopent-2-en-1-one,
2-(6-hydroxycarbonylhexyl)-cyclopent-2-en-1-one,
2-(6-methoxycarbonylhexyl)-cyclopent-2-en-1-one,
2-(6-ethoxycarbonylhexyl)-cyclopent-2-en-1-one,
2-(6-propoxycarbonylhexyl)-cyclopent-2-enl-one,
2-(6-butoxycarbonylhexyl)-cyclopent-2-en-1-one,
2-(7-methoxycarbonylheptyl)-cyclopent-2-en-1-one,
2-(8-methoxycarbonyloctyl)-cyclopent-2-en-1-one, -
2- (6—methoxycarbonylhexyl) 3-methylcyclopent-2-en-
l1-one,
2- (6-methoxycarbonylhexyl) 3-ethylcyclopent-2-en-
I-one,
2- (6-methoxycarbonylhexyl) 3-pr0pylcyclopent-2-en-
l-one, -
2- (6—methoxycarbony1hexyl) 3-butylcyclopent-2-en-
1-one, o
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EXAMPLE 1

Preparation of
2-(6-methoxycarbonylhexyl)—cyclopent-2-en—1 -one

a. 200 mg (0.88 mmol) of 2- (6-methoxycarbonylhex-
yl)-cyclopentanone, was dissolved in 5 ml of acetic acid,
and 0.5ml of pyridine and 560 mg (1.76 mmol) of pyri-
dinium hydrotromide perbromide (PHP) were added
to the solution, and the mixture was stirred at 60° C for
8 hours. --

b. Acetic acid and pyridine were evaporated off from
the reaction mixture at reduced pressure and a tempera-
ture below room temperature, and 1 ml. of methanol, 9
ml of dichloromethane and about 10 mg of p-toluene-
sulfonic acid were added to the resulting residue. An

esterification was carried out with stirring at room tem-

perature for 24 hours.

c. Methanol and dichloromethane were evaporated
off at reduced pressure from this reaction mixture, and
an aqueous solution of sodium carbonate was added to

the residue, and it was extracted with ether. The ethe-

real phase separated was washed with an aqueous solu-
tion of sodium chloride, and then dried with anhydrous
sodium sulfate. The dried product was concentrated at
reduced pressure to afford 250 mg of a crude product.

d. The crude product was purified by preparative
thin-layer chromatography using a 3:1 (volume) mix-
ture of n-hexane and ethyl acetate as a developing sol-
vent and silica gel (2 mm) as a carrier to afford 140 mg
of a purified product.

e. The purified product exhlblted the followmg Spec-

tra.
Infrared absorptlon (liquid film, cm—1): 1720 1690,

1620,

55

Nuclear magentic resonance absorption (CCll,,

. o(ppm)):

7.20 (1H, an olefinic proton)
3.60 (3H, CH; of the ester)
2.70 - 1.10 (16H)
Mass analysis (m/e, 70 eV): 224 (M+)
This product was identified as 2-(6-methoxycarbonyl-
hexyl)-cyclopent-2-en-1-one from the above spectra.

The yield was 71%.

The product showed a smgle peak in gas-chromatog-
raphy (carrier: JXR silicone (Nippon Chromato Kabu-

~ shiki Kaisha), 10%, 1 m X 3 mm¢). This peak corre-

65

sponded with the main peak seen in the gas-chromato-
gram of the reaction mixture before esterification, and
thus it was confirmed that the above product was
formed by the single-step reaction. -
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EXAMPLE 2

Preparation of
2-(6-methoxycarbonylhexyl)- cyclopent—2-en-1 -One

a. 4.52 g (20 mmol) of 2-(6-methoxycarbonylhexyl)-

cyclopentanone was dissolved in 50 ml of acetic acid,
and 5 ml of pyridine and 13 g (40 mmol) of PHP were
added. The mixture was stirred at 60° C for 6 hours.

b. The reaction mixture was cooled, and about 100 ml
of water was added. The mixture was neutralized with
sodium carabonate, and extracted with ether to separate
it into an ethereal phase and an aqueous phase.

c. The ethereal phase was washed thoroughly with an
‘aqueous solution of sodium carbonate, dilute hydro-
chloric acid and an aqueous solution of sodium chlor-
ide, dried with anhydrous sodium sulfate, treated with
activated carbon, and then concentrated to afford 5.72 g
of a crude product.

‘The crude product was then purified by column chro-
matography using silica gel as a carrier, and from a
fraction of a 2:1 mixture of benzene and ethyl acetate,
1.96 g (8.8 mol, yield 44%) of 2-(6-methoxycarbonyl-
hexyl)-cyclopent-2-en-1-one having the same spectra as
those of the purified product prepared in Example 1
was obtained.

From the benzene fraction, 280 mg (1.2 mmol; recov-
ery rate 6%) of a compound corresponding with the
starting  2-6-methoxycarbonylhexyl)-cyclopentanone
was recovered.

d. On the other hand, the aqueous phase was acidified
with dilute hydrochloric acid and extracted with
ether. The ethereal phase separated was washed
thoroughly with an aqueous solution of sodium
chloride, and dried with anhydrous sodium sulfate.
The dried product was concentrated, and 5 ml of
methanol, 45 ml of dichloromethane and about 30
mg of p-toluenesulfonic acid were added to the
resulting residue. An esterification reaction was
carried out with stirring at room temperature for 24
hours.

The reaction mixture was treated in the same way as
in (c) of Example 1, and the resulting crude product was
subjected to column chromatography in the same way
as above to afford 0.89 g (4 mmol, yield 20%) of 2-(6-
methoxycarbonylhexyl)-cyclopent-2-en-1-one ~ whose
spectra corresponded with those of the purified prod-
uct.

From the re51due obtained in (c) and (d), it was ascer-
tained that from 2-(6-methoxycarbonylhexyl)-cyclopen-
tanone, the corresponding cyclopentenone derivative
was obtained in a total yield of 64%.

EXAMPLE 3

Preparation of
2-(6-methoxycarbonylhexyl)-cyclopent-2-en-1-one

a. 1.77 g (7.8 mmol) of 2-(6-methoxycarbonylhexyl)-
cyclopentanone was dissolved in 50 ml of acetic acid,
and 5.0 g (15.6 mmol) of PHP was added to the solution.
The mixture was stirred at 40° C for 8 hours.

b. To the resulting reaction mixture was added about
100 ml of water, and the mixture was neutralized with
sodium carbonate and then extracted with petroleum
ether to separate it into a petroleum ether phase and an
aqueous phase.

c. The petroleum ether phase was treated and purlﬁed -

by column chromatography in the same way as in Ex-
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ample 2, (c) to afford 175 mg (0.78 mmol; yield 10%) of
2-(6-methoxycarbonylhexyl)-cyclopent-2-en-1-one.

d. The aqueous phase was treated in the same way as
in Example 2, (d) to afford 830 mg (3.7 mmol, yield
47%) of a methyl ester of the 2-(6-hydroxycarbonylhex-
yl)-cyclopent-2-en-1-one formed in the reaction mix-
ture. ,

It was ascertained from the above results that the
corresponding cyclopentenone derivative was obtained
in a total yield of 57%.

EXAMPLE 4

Preparation of
2-(3-methoxycarbonylpropyl)-cyclopent-2-en-1-one

a. 2.72 g (15 mmol) of 2-(3-méthoxycarbonylpropyl)-
cyclopentanone was dissolved in 50 ml of acetic acid,
and 5 ml of pyridine and 9.6 g (30 mmol) of PHP were
added to the solution. The mixture was stirred at 50° C
for 5 hours. |

b. The reaction mixture was treated in the same way
as in Example 2, (b) to separate it into an ethereal phase
and an aqueous phase.

c. The ethereal phase was washed thoroughly with an
aqueous solution of sodium carbonate, dilute hydro-
chloric acid and then an aqueous solution of sodium
chloride, dried with anhydrous sodium sulfate, and
concentrated at reduced pressure to afford 2.19 g of a

. crude product.

The crude product was sub_]ect to column chromatog-
raphy using silica gel as a carrier, and 770 mg (4.2 mmol,
28%) of a purified product was obtained from a 1:1
benzene-ethyl acetate fraction. The purified product

showed the following spectra.

Infrared absorption (liquid film, cm— 1) 1730, 1700
1630.

Nuclear magnetic resonance absorption (CCl,,
o(ppm)):

7.23 (1H, an olefinic proton) -

3.60 (3H, CH; of the ester)

270-150(0H)

Mass analysis (m/e, 70 eV):

182 (M+).

This product was identified as 2-(3-methoxycarbonyl-
propyl)-cyclopent-2-en-1-one from the above spectra.

d. On the other hand, the aqueous phase was treated
in the same way as in Example 2, (d), and 1.10 g (6.0
mmol) of a purified product-having spectra correspond-
ing with those of the 2-(3-methoxycarbonylpropyl)-
cyclopent-2-en-1-one was obtained in a yield of 40%.

It was ascertained from the above results that the
corresponding cyclopentenone derivative was obtained
in a total yield of 68%. |

EXAMPLE 5

PreperatiOn of
2-(3-methoxycarbonylpropyl)-cyclopent-2-en-1-one

a. 5.52 g (30 mmol) of 2-(3-methoxycarbonylpropyl)-
cyclopentanone was dissolved in 50 ml of acetic acid,
and 10 g (33 mmol) of PHP was added to the solutlon
The mixture was stirred at 50° C for 4 hours.

b. The reaction mixture was treated in the same way
as in Example 4, (b), (¢) and (d).- From the ethereal -
phase, 350 mg (1.9 mmol) of 2-(3-methoxycarbonyl-

~ propyl)-cyclopent-2-en-1-one was obtained, and from
the aqueous phase, 2.8 g (15.2 mmol) of the same com-

pound was obtained. The total yield was 54%.




Furthermore, from the ethereal phase, 300 mg (1.6
mmols, recovery rate 5%) of the starting 2- (3-methox-
ycarbonylpropyl)-cyclopentanone was recovered

EXAMPLE 6

Preparation of
2 (6-ethoxycarbonylhexy1) 3-methylcyclopent-2—en-
| l-one -

~a. 200 mg (0. 79 mmol) of 2- (6—methoxycarbony1hex-

yl)-cyclopentanone was dissolved in 10 ml of acetic 10
acid, and 1 ml of pyridine and 500 mg (1.56 mmols) of
PHP were added. The mixture was stlrred at 60° C for

5 hours.
b. Acetic acid and pyndme were evaporated off at

reduced pressure from the reaction mixture, and 1 ml of 15
ethanol, 9 ml of dichlormethane and about 10 mg of
p-toluenesulfonic acid were added to the resulting resi-
due. An esterification reaction was carried out with
stirring at room temperature for 24 hours.

c. The solvent was evaporated off from the reaction 20
mixture, and an aqueous solution of sodium carbonate
was added to the residue. The ethereal phase separated -
was washed thoroughly with an aqueous solution of
sodium chloride, dried with anhydrous sodium carbon-
ate, and then concentrated at reduced pressure to afford 25
220 mg of a crude product.

d. This crude product was treated and purified by
preparatwe thin-layer chromatography in the same way
as in Example 1, (d) to afford 70 mg of a purified prod-
uct which showed the followed spectra. -

- Infrared absorptlon (llquld film, cm- 1):

1720, 1690, 1920.

Nuclear magnetic resonance absorptlon (CCl,,
6(ppm)):

1.29 (3H, CH; of the ethyl ester)

1.1-1.9 (8H, methylene groups)

2.1-2.7 (8H, methylene groups adjacent to a double

bond or carbonyl groups)

2.05 (1H, a methine group at the 3-p051t10n of the

cyclopentenone ring) |

4.16 (2H, a methylene group of the ethyl ester)

Mass analysis (m/e, 70 eV):

252 (M+). - |

From the above spectra, this product was identified as -
2-(6-ethoxycarbonylhexyl)—cycl0pent-2-en-l-one The 45
yleld was 35%.

COMPARATIVE EXAMPLE '

30

35

Preparation of | |
2-(6-methoxycarbonylhexyl)-cyclopent-2-en-1-one
using phenyltrimethylammonium perbromide instead of
the pyridinium hydrobromide perbromide

a. 100 mg (0.44 mmol) of 2-(6-methoxyearbonylhex-
y])-cyclopentanone was dissolved in 1.5 ml of anhy-
drous tetrahydrofuran, and 226 mg (0.60 mmol) of phe-
nyltrimethylammonium per bromide was added, and
the mixture was stirred at room temperature for 1 hour.

~b. Tetrahydrofuran was evaporated off from the reac-
tion mixture at reduced pressure at a temperature below
room temperature. A 5% aqueous solution of sodium
carbonate was added to the resultmg residue, and it was
extracted with ether to separate it into an ethereal phase
and an aqueous phase. -

¢. The ethereal phase was washed with an aqueous
solution of sodium chloride and water, dried with anhy-
drous sodium sulfate, and concentrated at reduced pres-
sure to afford 170 mg of a crude product. In the nuclear
magnetic resonance absorption spectrum (60 MHz) of

50

53
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this product, the presence of an olefinic proton was not
observed. Analysis of the product by thin-layer chro- -
matography (carrier, silica gel; developing solvent, a 2:1
mixture of hexane and ethyl acetate) neither indicated
any spot of 2- (6-methoxycarbonylhexyl)-cyclopent-Z-
en-l-one. -

d. On the other hand, 0. 5 ml of collidine was added to
this crude product obtained from the ethereal phase.
The mixture was reacted with stirring at 150° C for 5

- minutes. After cooling, the mixture was extracted with
- ether. The ethereal phase collected was washed thor-

oughly with dilute hydrochloric acid and an aqueous
solution of sodium chloride, dried with anhydrous so-
dium sulfate, and concentrated at reduced pressure to
obtain 140 mg of the residue. The residue was purified
by preparative thin-layer chromatography in the same
way as in Example 1, (d) to afford 54 mg (0.24 mmol,
yield 55%) of a purified product having spectra corre-
sponding with those of 2-(6-methoxycarbonylhexyl)-
cyclopent-2-en-1-one.

As is clear from the above results, when phenyltrime-
thylammonium-perbromide, which is frequently used as
a brominating agent similarly to the pyridinium hydro-
bromide perbromide used in this invention, is used, the
corresponding cyclopentenone derivative cannot be

- obtained in a single step from the cyclopentanone deriv-

ative, but first, only the brominated cyclopentanone
derivative is obtained. Subsequent dehydrobromination
of this product gives the final product still in a lower
yield than the present invention.

What we claim is:

1. A process for preparing cyclopent-Z-en—l-one de-
rivatives of the formula |

o

wherein R, is a substituted or unsubstituted alkyl group
or a substituted or unsubstituted aryl group, and R;is a

hydrogen atom or a substituent which is not substan-

tially brominated under the treating conditions,
which comprises treating, in a single step, a cyclopenta-_
none denvatlve of the formula |

(1I)

~ wherein R and R, are the same as defined above, with

pyridinium hydrobromide perbromide in an inert or-
ganic solvent selected from the group consisting of
acetic acid and propionic acid wherein the derivative of
formula (I) is formed as a result of said single-step treat-
ment. :

2. The process of claim 1 wherein said cyclopenta-
none derivative is a compound of the formula

(11D
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-continued
O -
i

R,

wherein R,; is a substituted or unsubstituted alkyl
group, and R;,; is a hydrogen atom or a substituted or
unsubstituted alkyl group. '

3. The process of claim 1 wherein said cyclopenta-
none derivative is a compound of the formula

(I1V)
O

Agl

Ry

wherein R; is a hydrogen atom or a proective group
capable of being split off by hydrolysis, R,; 1s a hydro-
gen atom or an alkyl group containing up to 10 carbon
atoms which may be substituted by an alkoxy or siloxy
group, and » 1s an integer of 1 to 8.

4. The process of claim 1 wherein the treatment with

the pyridinium hydrobromide perbromide is carried out

in the presence of an organic amine.

9. The process of claim 4 wherein said orgamc amme
is a tertiary organic amine.

6. The process of claim 1 wherein the amount of said
pyridinium hydrobromide perbromide is 0.5 to 30 mols
per mol of said cyclopentanone derivative.

7. The process of claim 1 wherein said treatment is
carried out at room temperature to 100° C.

8. The process of claim 1 wherein a cyclopentanone
derivative of the formula

0O
I

(e
wherein

R;1s a hydrogen atom or a protective group capable

10

15

20
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of being split off by hydrolysis, and » is an integer of 5

1 to 8,
1s contacted with pyridinium hydrobromide perbromide
in a single step in acetic acid at room temperature to
100° C thereby to form a cyclopent-2-en-1-one deriva-
tive of the formula

0
|

[y
wherein

R; and » are the same as defined above.

2
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9. The process of claim 8 wherein the single step
treatment with pyridinium hydrobromide perbromide 1s
carried out in the presence of a tertiary organic amine.

10. The process according to claim 3 wherein R5is a
hydrogen atom or a protective group selected from the
group consisting of methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, tert-butyl, pentyl, hexyl, cyclohexyl,
octyl, decyl, dodecyl, phenyl, and p-nitrophenyl; R, 1s
a hydrogen atom or alkyl containing up to 8 carbon
atoms which may be substituted by alkoxy of up to 6
carbon atoms or tert-butyldimethylsiloxy; the amount
of pyridinium hydrobromide perbromide i1s 0.5 to 30
moles per mole of cyclopentanone dertvative and the
single step treatment is carried out at room temperature
to 100° C.

11. The process of claim 10 wherein said cyclopenta-
none derivative 1s selected from the group consisting of:

2-methoxycarbonylmethylcyclopentanone,
2-(2-methoxycarbonylethyl)-cyclopentanone,
2-(3-methoxycarbonylpropyl)-cyclopentanone,
2-(4-methoxycarbonylbutyl)-cyclopentanone,
2-(5-methoxycarbonylpentyl)-cyclopentanone,
2-(6-hydroxycarbonylhexyl)-cyclopentanone,
2-(6-methoxycarbonylhexyl)-cyclopentanone,
2-(6-ethoxycarbonylhexyl)-cyclopentanone,
2-(6-propoxycarbonylhexyl)-cyclopentanone,
2-(6-butoxycarbonylhexyl)-cyclopentanone,
2-(7-methoxycarbonylheptyl)-cyclopentanone,
2-(8-methoxycarbonyloctyl)-cyclopentanone,
2-(6-methoxycarbonylhexyl)-3-methylcyclopentanone,
2-(6-methoxycarbonylhexyl)-3-ethylcyclopentanone,
2-(6-methoxycarbonylhexyl)-3-propylcyclopentanone, .
2-(6-methoxycarbonylhexyl)-3-butylcyclopentanone,
2-(6-methoxycarbonylhexyl)-3-pentylcyclopentanone,
2-(6-methoxycarbonylhexyl)-3-hexylcyclopentanone,
2-(6-methoxycarbonylhexyl)-3-heptylcyclopentanone,
2-(6-methoxycarbonylhexyl)-3-octylcyclopentanone,
and
2-(6-methoxycarbonylhexyl)-3- (3-t-butyldemethylsﬂox-
yoctyl)-cyclopentanone;

the amount of said pyridinium hydrobromide perbro-
mide 1s 0.8 to 5 moles per mole of cyclopentanone deriv-
ative; and said single step treatment is carried out at 40°
to 50° C.

12. The process of claim 11 wherein said single step
treatment is carried out in the presence of a tertiary
organic amine selected from the group consisting of
collidine, triethylamine, pyridine, lutidine, picoline,
dimethylaniline, triethylenediamine, 1,5-diazabicy-
clo(4.3.0)-5-nonene, and 1,5-diazabicyclop(5.4.0)-5-
undecene, wherein said amine is present in an amount
from 0.5 to 20 moles per mole of the startmg cyclopen-
tanone derivative.

13. The process according to claim 12 wherein Ry, is
a hydrogen atom, the inert organic solvent is acetic
acid, the amount of the pyridinium hydrobromide per-
bromide is 1.2 to 3 moles per mole of cyclopentanone
derivative, the tertiary amine is pyridine or its methyl-

substituted derivative and the amount of said tertiary

organic amine is from 2 to 10 moles, per mole of the

starting cyclopentanone derivative.
-. X Xk 0k k_
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